A candidate reference method for the determination of magnesium in serum (analytical ränge 0.5 to 2.0 mmol/1) by flame atomic absorption spectrometry was commissioned. The relative Standard deviation of the 4 replicates of each value ranged from 0.18 to 1.07%, and the Standard error of the mean ranged from 0.63 to 8.34
Introduction

Materials and Method Protocol
The magnesium concentration in serum is determined The operator must be familiär with atomic absorption spectroby flame atomic absorption spectrometry or various metr y and the relevant analytical techniques, and strictly follow , , . , . s * r ^ protocol without any raodifications. Usually 4 working days methods usmg absorptiqn spectrometry (e. g. Magoü, are needed for the determination of 3 reference raethod values. Titan Yellow). These field methods are subject to Room temperature should be between 20 and 25 °C and consystematic errörs of known or unknown magnitude.
stant to ± °-5 °C. An unequivocal evaluation of the accuracy of these L1 Water · Doubly distilled and deionized water with a specific -, .
.« f t i_ A t c i resistance > 10 kOhm · m at room temperature was used. routme methods is possible only by the use of control About 601 are needed for the dete rmination of 3 reference sera with reference method assigned values or defin-method values including cleaning of the glassware.
itive values. The definitive method for the determi-12 ^gnesium Standard solution: Magnesium Standard solunation of magnesium in serum -isotope dilution tions were prepared from Standard Reference Material, magmass spectrometry -is the prerogative of highly nesiumdigluconatedihydrateMg(C 6 H n p 7 )2-2H 2 O SRM929, . , . , ' , , . ' . , , r · * -j i from the National Bureau of Standards (NBS) (Washington specialized laboratones, and therefore not widely ac-D c ? ySA) The SRM was dried before use in a desiccat or cessible. It was decided to set up a reference method containing phosphorus(V)oxide for 12 hours. based on flame atomic absorption spectrometry, 13 Lanthanum oxide (L-d 2 O 3 ) p. a. was from Merck, Darmstadt, which is more available than the definitive method. F. R. G.; its magnesium content was less than 5 mg per kg. As our laboratory had participated in the evaluation L4 Sodium chloride^ . >> and potassium chhride, p.a., werc of the approved reference method for the determi-obtained from Merck, Darmstadt, F. R. G. The materials connation of calcium (l, 2) we tried to adopt this pro-^^f s ^n 10 ™g magneshim per kg. They were dried at , ^ , j , /* /. ' t_ j r 200 °C fof 4 hours and stored in a desiccator containing silica cedure for the development of a reference method for gd with moisture indicator at room temperature for at Icast 4 the determination of magnesium.
hours. 
Balance
An analytical balance was used (Sartorius, Göttingen, F. R. G.), and this was officially calibrated and regulary checked with weights. Its readability was 0.01 mg and its Standard deviation 0.01 mg.
Glassware
Required g lasswar e
All Volumetrie glassware was of borosilicate material, confirming to class A specifications, and officially calibrated by German authorities.
The determination of 3 reference method values required the following Volumetrie stoppered flasks: three 51, six 11, twelve 500 ml, two 250 ml, and two 100 ml; and the following pipettes: one 50 ml, three 25 ml, three 10 ml, three 5 ml, two 2 ml.
Watch glasses: nine
Cylinder: one 250 ml Burette: one 25 ml Conical flasks: four 100 ml Beaker: four l l Fwinel: one large, one small l .9.2 Clearing of the glassware 1. Glassware was soaked in an aqueous solution of a nonionic phosphate-free detergent (Sodosil RA 15: Riedel de Haen, Hannover, F.R.G.) at 40°C for 60 min and rinsed 4 times with doubly distillcd water (1.1) (1/10 of each container's volume for each rinse). Pipettes were rinsed by drawing water through with a suction pump. 2. All glassware was immersed for 12-16h in l mol/l hydfochloric acid (see 1.5). 3. The glassware was rinsed with doubly distilled water (1.1) 6 times with one tenth of its volume, pipettes with the äid of a suction pump. 4. All glassware was dried at room tempdrature in a dust^free environment, the pipettes with their tips upwards.
Preparation ofreagents
(for the determination of 3 reference method values) 1.10.1 Hydrochloric acid 7.80 mol/l (100 ml required)
Concentrated hydrochloric acid (1.5) was diluted with water (1.1) to approxiniately 10 mol/l and titrated to 7.80 mol/l ± 0.08 mol/l by addition of aqueous sodium hydroxide (1.6).
Hydrochloric acid 1.00 mol/l
Concentrated hydrochloric acid (1.5) was diluted with water (1.1) to approximately 1.5 mol/l, then appropriately furthef titrated by use of aqueous sodium hydroxide (1.6) to give a final volume of at least 60 ml with an acid concentration of 1.00 mol/l ±0.01 mol/l.
Diluent I
Lanthanum oxide (8.15 g) was washed into a $1 flask with exactly 50 ml hydrochloric aeid (1.10.1), followed by rinsing with 50 ml doubly distilled water (1.1) for complete transfer of salt and acid. When dissolution of lanthanum oxide -promoted by swirling -was complete, the voiume was adjusted to the calibration mark by the addition of doubly distilled watef (1.1), followed by thorough mixing by inverting and shaking. the stoppered flask 30 tiraes.
Dilueni U
Sodium Chloride (0.812 g) (l .4) and potassium Chloride (0.037 g) (1.4) were washed into a 51 flask with 50 ml of diluent I (1.10.3), then rinsed with diluent I for complete transfer. The volume wad adjusted to the calibration mark by addition of diluent I (1.10.3). The solution was mixed thoroughly by inverting and shaking the stoppered flask 30 times.
Stock blank and stock calibration Solutions
Stock blank (S 0 ): About 2 ral doubly distilled water (1.1) were pipetted into a 11 flask and exactly 10 ml hydrochloric acid l mol/l (1.10.2) were added. The volume was adjusted to the calibration mark by the addition of doubly distilled water (1.1).
The solution was thoroughly mixed (see 1.10.3).
Stock calibration Solutions: Stock calibration solution l (S r ) was produced by transferring 0.22532 g magnesium digluconate dihydrate (1.2) to a 11 flask with about 2ml doubly distilled water (1.1). Exactly 10 ml hydrochloric acid l mol/l (1.10.2) were added. After complete dissolution of the salt, the volume was adjusted to the calibration mark by the addition of doubly distilled water (1.1). A single 5 ml run-out pipette was used to dilute the stock blank and the stock calibration Solutions (äs well äs the refercnce and the unknown sera).
1. To prepare the working blank solution (W 0 ) about 450 ml ' diluent II (1.10.4) were transferred to a 500 ml flask.
2. The 5 ml pipette was filled with the stock blank solution (S 0 ) just above the calibration mark. Then the sucked in volume was discarded. The procedure was repeated two times.
3. The pipette was filled just above the calibration mark with S 0 . Its outside was wiped dry with tissue. The volume was adjusted to the calibration mark by running excess solution to waste. The contents of the pipette were delivered into the flask including the remaining fluid that was gently blown out. The outside of the pipette tip was rinsed wilh l ml diluent II and the washings were collected in the flask. The pipette was rinsed by filling it with diluent II three times, each time delivering the solution into the flask.
4. Its volume was adjusted to the mark with diluent II, stoppered and its contents mixed by inverting and shaking 30 times.
5. The pipette was washed out 3 times with doubly distilled water (1.1). 7. After washing out (1.10.6. (5)) the pipette was dried and put aside for preparing the diluted reference and unknown sera (on the next day).
Preparation of reference and unknown sera
On the following day, provided the Instrument check was satisfactory (1.12), referenee and unknown sera (l .7) were prepared for determination.
Lyophilized serum specimens were reconstituted äs follows: 1. The specimens reached room tempcrature overnight in a desiccatof.
2. The rubber stopper of the vial was carefully removed without loss of freeze-dried material.
3. The appropriate amount of doubly distilled water (1.1) -usually 5 ml -was pipetted into the vial. The volume added was checked by weighing the vial before and after addition of the water. Five ml doubly distilled water weigh 4.991 g at room temperature.
4. The vial was sealed with its stopper, gently inverted and agitated for 20 min at room temperature.
5. Five vials of each serum reconstituted äs described were pooled.
6. Each serum pool was diluted in the same way äs the stock Solutions (see 1.10.6) with minor modifications:
1. Diluent I was used instead of diluent II. 2. The pipette (see 1.10.6.7) was primcd with 1.5 ml of the pooled serum 3 times (instead of 5 ml 3 times): About 1.5 ml pooled serum was drawn into the pipette, which was then held in a horizontal position and slowly rotated to wet the internal surface to just above the calibration mark. The "priming" portions of the pooled serum were discarded.
3. Two (instead of one) working dilutions were prepared from each pooled serum.
Measurement by flame atomic absorption spectrometry (FAAS)
The measurements were performed with an atomic absorption spectrometer mpdel 3030 from Perkin-Elmer (Bodenseewerk Perkin-Elmer, Überlingen, F. R. G.) operated at 285.2 nm in the single channel mode. A stoichiometric air-acetylene flame was used and doubly distilled water was aspirated during the 15 min warm-up period of the burner.
1.12.1 While aspirating water (1.1) the Instrument was adjusted to zero.
1.12.2 The working Standard solution W 4 was nebulized. An absorbance reading between 0.180 and 0.300 was required, and if necessary the Instrument settings (aspiration rate, gas flow, burner position etc.) were adjusted to achieve this. 5 . This sequence was repeated 3 times. After the 4th run, water (1.1) was nebulized for 10 min.
1.12.5 With the data obtained in 1.12.4 calculations were performed according to 1.13, using 5 samples (p = 5) and 4 runs (r = 4). In cases of inadequate precision (criterion 1.14.3), the Instrument was checked, readjusted and the measurements (1.12.1 to 1.12.4) and calculations were repeated. In cases of inadequate accuracy (criterion: 1.14.3), one or more of the relevant working dilutions of the stock calibration Solutions were prepared again. If this procedure failed, the stock calibration Solutions themselves were freshly prepared. Provided that the criteria according to 1.14.3 were met, the Instrument was shut down without changing any setting.
1.12.6 The FAAS was continued on the next day, and W 0 to W 5 were measured. If the readings were within 2% of the values K lpmann et al.: Candidate reference method for magnesium in serum obtained on the prcvious day, operations proceeded to 1.11. Otherwise the Instrument was readjusted or -if this was unsuccessful -the calibration solulion was prepared freshly.
1.12.7 After dilution of the reconstituted sera (1.11) the measuremenl by fiame atomic absorption spectrometry was performed:
1. W 0 , W, to W 5 and the diluted sera were nebulized and afterwards arranged in an ascending order of the (expanded) readings, but care was taken that no two serum dilutions were aspirated successively.
2. In a first run the samples were measured in the prescribed order, beginning with W 0 .
3. The second, third and fourth run were performed similarly.
4. The subsequent four runs were performed after adjusting the flame to a slightly fuel-lean condition, but in the same sequence of analyses. The precision index was given by -(mmol/1). b
Calculations
The following calculations were performed to obtain the magnesium concentration of the sera (in the example (see tab. 2) one reference (R) and two unknown sera (U) were measured) and evaluate the validity of the values.
1. Each row and each column were summed separately.
2. From the readings X; of a row S xx was calculated: 8. The same calculations (see 1.13, 1-7) were performed with the data from the measurements with fuel-lean flame conditions. 9. For each serum two pairs of estimates of concentration were thus obtained:
Pxi, Ρχ 2 , Ρχ 3 and P x4 .
The arithmetic mean P^ and the corresponding Standard deviation were calculated.
10. The reference method value (C R ) ( = Ρχ) of the reference serum was compared with its definitive value (C D ):
11. If all the criteria given below (1.14) were fulfilled, P x was a valid estimation of the magnesium concentration of the unknown serum.
1.14 Criteria of acceplab ity 1. The "true" absorbance reading (before expanding the scale) of the working calibration solution (W 4 /W 5 see 1.10.6) must be in the r nge 0.180-0.300 s compared with doubly dislilled water.
2. The expanded scale reading of the working blank solution (W 0 see 1.10.6) must be less than 3% of the reading of W,/W 2 .
3. (1) The precision index -, s calculated from the working Solutions W 0 -W 5 , must not exceed 0.020 mmol/1.
(2) The difierences d,, d 2 , d 3 (1.13.6) must be less than twice their corresponding Standard errors (1.13.6); otherwise the instrument was adjusted (1) or the calibration Solutions were prepared freshly (2).
4. The readings of W, to W 5 (1.10.6) must not deviate more than 2% from the readings of these Solutions on the previous day.
5. The relative Standard deviation (CV) of the 4 replicates of a reference method value must be less than 1.25% (1.13.9).
6. The deviation of the reference method value from the definitive value must be less than 2%.
7. If the criteria 1.14.1 to 1.14.4 and 1.14.6 were fulfilled, only the unknowns with Standard deviations > 1.25% had to be excluded. 
Discussion
The concentration of magnesium in serum can be determined by different methods. Encouraged by the results of the calciüm reference method, which is based on flame atomic absorption spectrometry, it seemed reasonable to use the same analytical principle for the development of a magnesium reference method. The possible usefulness of other analytical methods for the same purpose is not excluded by this choice. As proposed by Cali (3), a detailed and stringent prötocol for the method was worked out äs a prerequisite of good interlaboratory agreement of results. Detailed instructions concerning the use and handling of the atomic absorption spectrometer, however, were omitted in accordance with other reference methods. It is assumed that other Instruments that comply with the requirements (see 1.14) are equally suitable. Measurements by use of a lean flame are performed in order to monitör the initial quality of the flame. Prior to analysis by the reference method, control sera were pooled to minimize vial to via! variability. A control serum, with a magnesium concentration determined by the definitive method, was incorporated to avoid errors from wrongly calibrated Solutions; unobserved contamination is a possible cause of erroneous calibration. Imprecision and inaccuracy of the magnesium reference method are comparable to those of the calciüm reference method and acceptable for the purpose within the measuring ränge (0.5 -2.0 mmol/1).
Conclusion
The proposed candidate reference method might be used in the future to determine the hitherto lacking, and urgently needed reference method values of magnesium. Reference method values are the basis of the new concept of quality assessment in clinical chemistry (4), which was realized in the new guidelines of the T German authorities (5).
